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A. . .INFORMATION CONCERNING OPERATING POWER 
SUPPLY VOLTAGE (Vdd) OF MAIN CIRCUIT 

B. .. INFORMATION CONCERNING TARGET SATURATION 
CURRENT VALUE (Ids) OF TRANSISTOR OF MAIN CIRCUIT 
1... SUBSTRATE POTENTIAL CONTROLLING CIRCUIT 
2...MAIN CIRCUIT 

(57) Abstract: A semiconductor integrated circuit comprises a main circuit (2) which is composed of a MOS transistor wherein 
a source and a substrate are separated from each other. A substrate potential controlling circuit (1) controls the substrate potential 
of the MOS transistor of the main circuit (2) so that the actual saturation current value of the MOS transistor which constitutes the 
main circuit (2) becomes equal to a target saturation current value (Ids) of the main circuit (2) at the operating power supply voltage 
(Vdd). Consequently, even when the operating power supply voltage of the semiconductor integrated circuit is lowered, variations 
in the operating speed can be suppressed within a small range. 
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T&o bt^IlffiVtO(i?>o$|Si (VI — V1+) izttLTs btv^m 

Evt^t^ivu&si^twt^ms, ^©m-a- s b£^ 

-©£££y:S^m®:Vb£V- (V) fc N ii^o|±KiV 1 tfcfcfc&lfc 

«&vb&v+ (v) Kts^-rtifc^ b^v^mffivt ^m^vi^fi^-r^ 
mos h -7 >¥x#(D btwamEv t cDm^ttv 1 h&sj;^^ 

fiL V b $ 7 >f - bVN* * ^ftJfflI"rtl«^o 

MOS h^V^^HE&CDi&f^jiJft (JgM^) £ N S2^n5o 

r = C • Vdd/I d s - (5£2) 

B«fS5£2 Jc£l^ T \$LWsMtf — h ^§F©M O S h ^ > X * \B\8&<DMmmm^ 
CteMffimm^ VddiiMOS h^>^^^Hlg&©l&#«M«JEs Ids&^cD 

ifrf£«®mE©TT*©Mos h^v^^^cDtg^nm^iiiT-fe^o tot, mos 
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Ids = (l/2)/iCox (W/L) (Vdd-Vt) 2 -(^3) 
fMBS;3-fc:fevvtN IdsiiMOSb7>^^©|g|iim //tefc^i&jgs 

cox&%.tiLmm^*)(D>f-hmm, wj±mos h^^**©^-^ l& 

MOS h7>*SX?<D>7— hSs VddfcfcMOS h ^ >^**0g&©i!j#mMm 
fufE^ 3 5 £ N MOS h =y >i?X#<Dmffimffi. I d s#i££,-o<^ 

X)jtmi3j;3W/L©ye£o^#&?K Bfc&MJ|g©MBSJgfcJ;3L£V^ 

013 (aK (b) ( c ) £fflV^s §li^otfciiHnMOS 
013 (a) {is ^3t^(tSL#VA-fitmffiVtCD^^l&Lfe«-^CDl&f^« 

itffVddic^tsMos h^>^;**©f&ftim^i d s©#i4^^-To 

7ttSj#«MSJEVdd©iE©^lqI{3^7 hU ifftliEVdd 1T*©M0 

s h^>vx#(Dt@.mmffi.Mi d stiM^-r^o — ^ u^iMitmjEvt 
^msEVdd 1-ecDMOs h^>s;x^©«a«j««Effii dsiiii^-rao 

013 (b) B\ mm#,31z3sttzmuCox (W/L) *s^i&bfc^©i& 
f^«®«JBEVddK:*r"rSMOS h 5 >^**©«a*D««EI d s ®«H4T!ft5. 
#l§Jg©<t//Cox (W/L) fclMLTli^Cox (W/L) #*tV^l§rfc:fci: N 
##J»©*gg#*t <fct>s ttt^«i«BEVdd 1-COMOS h^>^^^©|g 
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mmmmi as\±m*.T% 0 ztz, mucox (w/d &>\^^m^w±s 

mi3 (c) i±s «HWE**ibbfc«^CDibt^««l«BEVddt»-r*MO 

bSV^«BEVti±^fc:«^-rao ft^Tx Jt«fc«I*^»#«aS«EVdd Icd 
Ttrfciu SL&jP^K&Sfcs ^iJjJg,u©M'J>©l£#>b s *^VNfc&. M0Sh7> 
^^^<0iS3fP««lltIdsl±»{i>-r*o bfrU i£^»f««WEEVdd2©T 
T?Bu MJg#iS<&3£s b^^BEVt©M'J>©S£##*#^fc#>s MOS 

h7>s?x#<Dmmmmmi dstt**t«. £©j;5fc«&#n««Effii dsi^ 
tc*r br v d d ©jivmz £ o t*bs b fc#t£&^-r » 

Z(D£olz s MOS h^>$>X*©lfPft«aflI ds©$SM4fck N b^V^imjE 

v t & •otis^fe d s «rsa«e*«Eiff fciatiR^ tut b # ^mm 

&vt<D&t>-D%mum&tz&-e&s mos b^>^x^nim©i&f^j^«5,o 

WbV— bSLi:©itW/L©^»i^©MOS b^>^^^©M3t7°D-fe^©^f> 
ot-^s iMWT*©Jlffl^©^bfc&;fo£-fs MOSh7>^^^fxfci 

®&<Dmftmm<Di£b^%*®m®&wuvx, ^m^mmmm<D^mm t>©i*i 
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nm$&mmffi.m&, mtt\B\$&*mj&-r zmos Y^yy^t/o^*, rnvios 
Y^>v*#(DummtimMM. pmos Y^>*j7.$o&ufm\mmM, x» 
cicDnMo smpmos h ^ >vx*(DmBimffiffimmm<D¥*9mx$>% a t 

m±^«tDs *&wx\*s «omos h7>^^©iftig mmm 
m) b\ mos Y7>V7,#omnmm.<DmwL-£-fcz>}iz.?>, ^mvmftmtz 
it, mRm&fflm®&&Mosh5>V7>?<D&mm&itmwvx, mos 
>vx?<D$m$&mmn%BMt&%im,mmte— wtg&Zo tot, mos v^y 

mmmtzy) w- ^icox, y- mbw t h s l t © jtw/L 

S h X &m±%iW)1r 2> M OSh7>^^ ©t&ftlSm#itufB S^ffiJc^tS-^J 
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a&flMt©«JEEVddi:MOS h^>^^©HBR«affie«EI ds^Oli (Vd 
d/Ids) tc*b#ij-r£#. 3m&<DWift9MW£1fi&.mvxb> Z<DW.W)teik 

mos h7>vx?<DMftM&<D&^g*&m?ftfcmmT&zh&T!%&o z 
#©Kfiifcift5££ n-c ^ * cdt% ^@BScDttf^3afi% tats— tt % c t 
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tits 8&©sfrft 3tm©t£ e> o § & * t> —ji/Jn£ < ffliMt s s o 
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m 5 «±Ki|t3ii*:««iHiKcD^iBiK*flt^-rs nMo s h ^ >vz*<Dmmm 
mm&z<Dmffi.mfate&^xmmi-z^m&mm®&*m'rmx&%o 
m6 &m*mtemmm&(D3im&*ffimirz pmo s ©m^iam 

1217 (a) i±^^«ffi»j0iiKfc^its^s«E»4iaecDrt®«tj^s^-riax 
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mm (a) te^mm<Dm^m&mmfo^femmmifi--fe<DM&*mTm, mm 
(b) \t^m^omwmBmm^^mmm^W}^mmm&\^nhx&mm^ 
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( d ) &£®i&©i&^mBEI5ffl *s 2 ®^$> 3 »-&&*s"r 0-e & & o 

bu urn (b) \£mfemffift&®&®mi®mm*7jk?m-z&2>o 

mi o(±3£tui^^a^-r§nMos h^>^^^cD^«ffi^^-r^^m 
tiLmmm&izmzzmffi-m&mm®m<DMm&m^ mm (a) aa£*Bt^%^ 
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Eii 1 (a) «£®g&£$t£ifcir3Mos h^>i?x?<Dnmmmnm.*-fem 
hufc*ii^::fe^Ts um.m(D&m& t>-D%mmtzMi-zmMo s h^>^^^ 

mm<D&m& o lt mmm-mE.&mmmiz$t&> zti&mMosh^ 

>vx?®mmmfa£mtim&h(DM&%7jk-rmx'&2>o 

mi 2&£®j®£«fi&-rspMc>s b?>i?x#m(DmRmmm\Bim(Dm%i 
-ms.^mm^om^m\^ mm (a) («#^&^-r^ mm (b) \tmi 
omm^rm, mm (c) ^2©^^j^^-rinT-fe?>o 

Eli 3&mos h^>^^{c43{t^m#SHic^-r^ig^nm^tt^^u 
nos (a) itv^^mmmifi^mLtzm^o^m, mm (b) ft//Cox (w 

s h^>vx?<D>f-h^RWf-hm &mmvfcm'&(D<&&m, mm (c) 
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0 2 (a) MOS h^>yx#®BU&ffimffi.mids?t3i®ffi2<DM<lF 
OS>7>yx^©iaW*miiiI d stf-feX&ZtfafehtzM^ MOS 

m2 (b) MOS b^>^^^©@^Sim^Idsi:^llll^2©Ki# 
S^«JEVdd^0i8^%it^JH^i:b^J%^-ro #H^T*&> illI|g&2©«J 
f^mM«BE V d d ftmh bt % ^ 2 <£>i&fftiJ££ # 3 £ ^ -5 

^SiJcD^im^^o HUIB^2^?,^JS i^Cs MOS h^>^X*[H]g&<Dl&ffti 

^-ra^t^ mos y7>vx#®t&ffimnmids<D\£t>'D%*'p-& 
fc&zmnmmmids*Bmmtirz>z£&& 1 om£h^o 

Ids = k • Vdd (5) 

5£5fc::fc^TN Ids \±M O S h 5 >t>^ $ CO^MWMM^ ki±;£$U Vdd 
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/k^Dx mos h^y^x^o^i^o^^sM^ ^.mtMftmmmB. 
^a&tooaa^i^wascoH^stft^rso^swo H2(c) b\ mos 

h7> a«fiSfP««Ett Ids £3i®m 2 ©»f^«W«£E V d d t(Dm& 

132 (d) fcj\ ^HIBS2*s«*© (HBlTfH:2o) <Z>J*&3ffrflMtmEE46H 
^tt^^i:, £g 1 Strig 2 ®#ftftftm£ttBB«£s g&&frtt»tf& I d 
s^|Hltt2©ftf|£«««BEVddt:»bT l^H«C©M«fc*Ds 
Mrf^*aMtffi«Bffl#©l&H«©W« (1 

0dasbTl>£o ^ia»2fc#it*»f^«««EVdd<«flit«2a«|*Ds 
©i&f^«««EEfc»bTlM^^fi5»*«ilfta»^fcH: N 1212 (d) -C^f* 

0 3 B\ mi lc:^bfc^#f*:^Il]S&t^^S^«teiI^IISlfi& 1 (DAttttfe 

g&i-2iu mwi-m&miM®ii-zh*iM%.%<> nmrWE&mm 1 - 3 m 
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i dtemmmm-m]±2£m\2\mi-3fcXJj£ftZo mm-m&mmmm 1 - 3 i± N 

«&#§£HIS& 1 - 2 i±s 2 ©IMtiiMmEEVddi;. #TfB««E-*EE&tjl|II 

ttl-3 cD^mmffiV d - <D«rfM*«EV d d fcgiWJEE V d 
ScT**^ ««-ttE*l!liattl-3fc»b*««(ftVb©«-9ftiBAU * 
«E-«EE£iJl!I]& 1 - 3 tis ^©S^fc3S*R*teV b fc£-3^T«*-«ffi*8l«Mft 

4^it5o afi««(ft«^ig»i-2*«i8^bfeafi««ttvbtts ^@%2««ia 

BI3fc:^bfcS««te«!l»|SlKlJ±s ±08§2§MnnMOS h^>^X 
^MpMOS h7>^^^©ffi^©3£te«ttft!l^K:»bT^«&*C*So 
SiW*W^-rSfc«&t: N »2$Mt5nMOS h^>^**lc*rT3X 
tR«WJ1HI|lIKi:. pMOS SStR«ttS!l»i5|Ki:fc:^ttTx 

$fc1\ ^IHl^2©P ^ 3TO^J>fela4§fflV^T^•r^o IrHU{±, 3=|slB&2j&mt 
»ffl©-f W?-*H]B&I Is I 2 •••"C^lJ^^tiS^'n : &^3^b"CV , >So 2n-l~ 
2n-2(iV-Xit^H4h^l^tifenMOS 2 p- 

i~2 v-2itmmviv-xmGLhmmmtiLbiP<frMiznfri>Mos h^>vx# 

£<&*ij*bT^So nMO.S 2 n- 1 ~ 2 n- 2 ©^^m^^iim'ti 

Vbn^ pMOS h^>^^^ 2p-l~2 p-2©»K«ffit:l±«ttVbp3b* 
=&«M&nTl^ 0 gfc&bfc5$l t^bfc nMOSh7>^^2n 
-1-2 n-20U#^ilEVt n?±s SiitVbnS$J«t^ii:{:J;^ 
JCTffeTIfctK IfepMOS h^>^**2p-l~2p-2©b#lMii«JEVt 

piis ^mi$LVhv*mffl?zz}iiz&*)g.wmm'c$>%o nMos 

h^>^^^ 2 n-l~2 n-2©ta^q«^I ds (n) s MpMOS h^>i> 
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7.9 2 p-l~2 p-2©«SjRl«i!tI d s (p) #^ SitfiVbn^ 

EI 5 (is ^IHB&2<Z)nMOS h^>^^^ 2 n-l~2 n-2 0|g|n«^ . 

tz.&<DW&wmmwh i - i cdp^s^^*^ bfc^#i*:^iii8S§ 

i£]E&2 dCD£H]g&2©nMO S 2 n-l-2n-2i®Sti 

(ftlW»lattlni:*»&^(lri^*^^Tv^*o *iR«tt«!HWiattiiitt N femmm 

mm^HlliS) ln-lt tf^T^r (M^Jit^) ln-2t S^-*JBE^m 
n-3 ££<i;l&o MmmUl n-lfr£>m:ft£ft3^m^tl dnlitM 
ffi^miilg&l n-3 Jc#;LS>*i3o c©««E-mffi*tfeIeII&l n-3fci\ HuIB^m^ 
lln-1 ^tB^ bfc^S^t I d n£Fjf^©«^-mjE^m#tt£S^TmjEV 
dnt»5. BufB^-^T^ri n-2&s 19fa««E-«EE^ifeI51Kl n-3 fci 
oT^m^tLfe^m«JEVdni:s £®8&2 CDl&f^«m«EEV d d fcfcgfc)\ d 
©TO«EVdiu Vdd#-grr££5£. *M-SJE^miU^ 1 n- 3 (D^mm 
tVbn Sftlfflrr £ & fcs H ©Ml? b V b 2 CDnMO S 

2 n-l~2 n-2CDS*R«{iVbni:b-ts £®B&2 iZbmmTZo 

BufB*$t-«ffi^llIIS& 1 n- 3 (i. nMOSh7>^^3n-lC<t!) 
tiT^&o ^©nMOS h^>^X* 3 n-l(is %<D&fomtiLVh n tS&f^«M 
IffiVdd^©^ ^0^2-r^ffl^ti^nMOS h7>^^2n-l 
~2n-2i:^bV»£fcj& s S£bU, 08*.«n i@SS2$i^tSnMOS 
^X*2n-l~2n-2£:fc^Ts ^(Df— h^L^O. 13um N ftrftMft 
jEVdd#l. 5V S W/L=3um/0. 1 3 umtfeSi^Cs ^(DUmmM 
iBIds (n) 3&s2mAffeofemi:s nM-W£&&®& 1 n- 3 TZ&m? 
5nM0Sh7>^^3n-li:l/tlt W/L = 3um/0. 13um©iMX 
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(D%<D%m^%Z£&m$ih^o luf3«^-Sffi^IU^l n-3CDnM0 S 

3 n-lfcfc s ^6©>f— hi: ^U-OhifiM^ti^ Z<D FW 
t^Wln-lfMUfe^tSI dnSsTTo iOSiSffildnlis fyfB 
»«0O^t?l±s h^>^**2n-l~2n-2cDf& 
*n«ifefSIds (n) #2mA@l. 5Vt$SOts BUM^mWM h Its 
£CD2mA@l. SV^aS^-r^o 

^7>rin-2lt ««-«EE^lftlHl»l n-3*»&m**nfc*Jfe«JEVd 
n 2 (DmWnMWEE V ddtf K^Si^s mm-itjE«in]B& 1 n 
-3OnM0S h^>^^^ 3 n-lCDS^^Vbn^M^I-rSo £©ftJ$J£ft 
&StiftVbnl±, £@B&2&**Jtfc-rSxiMOS h^>^* 2 n-l~2 n- 
2CD*tS«teVbn^bTs £Elft 2 fcfc{&S&£ft*o tot, »fls*«*EV 
dd = 1 . 5 V©££©£H]8&2cDnMOS h^>^** 2 n-l~2 n-2©^ 
PglSftim^Ids (n) ^2mAi:WJ;9^ »20nMOSh7>^ 
* 2 n-l~2 n-2<Dft^m&Vbn#fiiiJfl?£;ft,&o 1 n-lGD^m^I 

d ntflliffiS«EVd dO*it«#t^ -SI«E*ftKft5«^ttts £ 
IllS^2©nMOS h^>^X^2n-l~2n-2c^ia^im^itI ds (n) t± N 

i^V>Ts i@E&2*i^tSpM0S 2 p-l~2p-2CD^« 

«isffiitw-rsfc«>©a&R«{ft«!HWisiBS 1 om^m 6 ca^i>T«iwr*o 

i6{i, I21£:|5tf£fc> pM0Sb7>^^2p-l~2p-2^ix.fc±i 
g§2 £ N ^CDpMO S b^>^** 2 p-l~2 p-2ffi©SM«teM0[H]SSl p 
iijfc&af/fcSftTV^o ^«ttMIUIlIgSlpiis ^ISllp-l^ *^7> 
rip-2iis rtg&fcpMOS h7>^^^3p-l^W-ra«^-«EE^miHKl 
p-3i:*f»i^n5o ^1M1 p-l^^tii*^^l«I dpfck. 8#E 
-«ffi^mii]g&lp-3fc:#;Le>*i,;g>o t^7>71p-2^ S$fE-«BE^mifi]S& 
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^L<fc*.fc5fcs «KHtm*lftlllttlp-3©pMOS h^>^^3p-l© 
3feR«<ftVbp*«0fliI-r*i:^fcN d©»^ttfeS^m^Vbp^s £@S&2 
©pMOS h7>^^2p-l~2p-2(2)StSfiVbptbts £HIS&2fc: 

flrM«-WE&i&iafclP-3fc:feVvCN PMOS b^>^X*3p-l&s * 
©afclR«ttVbp2:iawn«ft«IIds (p) ^©HWWtttfs £@R2**ffc-r 
§pMOS h7>^^ 2p-l~2p-2©#t3:^bV^*:#SIl;b^o #>J£ 
i@»24i«t*pMOSb5>^a'2p-l-'2p-2fc^Ts ^© 
y-HfcL#0. 1 3 urn. »flMWMBJEVdd#l. 5V S W/L = 3um/0. 
numt**^ ^©telPm«6flSIds (p) ^lmAt^ofehtSt 
1 p-3tW5pM0S b7>^3p-l^ W/L = 
3um/0. 1 SumOt'f X0*0*fflV>4Ct*«a*UW «^-«BE^mm 
Hlp-3©pM0S b5>^3p-ltt^ W-hJ:Kl/^>i:^it^ 
*©V-^«*»6s StSW 1 P" 1 tfe^lt I d p^Sto 

COJgWHBIdptts 3£®S&2©pM0S 2 p-l~2 p-2©IS 

IDifttflds (p) *«twaftltWT?H:lmAT?»S©^ B»«*P«»«2:U 
T\ lmA@l. 5V$R5£fao 

BufBStRm-ffe^nifiS i p t&^Ts p- 2 tis s^-ms^m® 

gSlp-SC^ilffiVdptfftfillffVdd^K^Sia^ m$&-« 
JBE&JfeHI&l p-3©pM0S h^>^X* 3 p-lOStieVbp^WU 
^©$iJIS^nfcS^«^Vbp(is £®S&2©pM0S h7>^^2p-l~2 
p-2©^&fiteVbphbT, iIH*2fc*«ifr**t*. tot, »2tit 
»ft*S«EEVdd = l. 5V©i:#£, P M0Sh7>^2p-l-2p- 
2©^fiSlPmmids (p) ^lmA^§J:ofc, ^©Sti&VbpM 



WO 2004/077673 PCT/JP2004/001942 

19 

•r. -%mMx^^>^\±. ^&2omwmmm&v &&(D^m\z®&^r. 

^CDpMOS h^>^X* 2 p-l — 2 l>-2<D$m\nMl d s (p) fcfc— 

gj7 (a) ~ (d) t±s 36&«ffi©J»lHlBS 1 ©3£««E*&£|sll& 1 - 1 <b&m$m 

- 1 CDfatlfc qrtfeT? & & o 

7 (a) ©jMatfB^BKl-l £|Ilfc2©»fMt«§i*ffiVdd£^t* 

#0fc©»flMt*«EEfcj£««»£lHlft 1-1 a©5£S«6« I d (UUf&mmm. 

m) £<Dm{&*m8 (a) t^-r 0 07 (a) ©si^wi-un s*p 

«EE»5felSlKl 1 *^T>72 1 mnMR(Dmfi3 1 2<@©pM0 
S h7>^^4 Is 4 2h$c:cfcD$tf££;txTU&o MpMOS h^>^*#4 
K 4 2©V-Xti(is i&f^S3gmjEVdd«fct)*)liJ«ffiVo3i)S#t«&^tts — 2r 
CDpMOS h7>^^4 lt:{iBuBa®tn;3 1 ©— SB*sg?i»^*U ^©^3 1 
©fl&Sg&^tife^ftTV^o MOpM0Sb7>^^^4 2©b*l/^>li:s #H] 
g&l-l a©tti#JST?fc*o t^7>72 ltt N i£#i3 1 ©«?«USi:H:a«:S— Jftl 
©WEEffit^x a6*«E»^@ttl l©m±/mJE^Vr ^L<&3£-5fcs pM 
OS l?>i>X*4 1©^— bft«»-r*o pM0Sb5>^4U 4 2« 

mt-rx-cfe^ wpMosh7>^^4i s 4 2 fc&psj— <b©««e*««e 

*i£©T% pM0Sh7>^^42(is Id = Vr/RO-^t«Id§tiiM 



137 (b) ~H17 (d) ^S^£IUE§l-lb~l-l d©ffe©«0!l£ 
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Ttet>%s 07 (b) CD^m^^H18Sl-lbl±> £|Iltt2©l&f1Mt*«ffilB 

Hfc*tu unmmmmmi a s 2:^@8&2cDttf^«ag«ffivddi:©H«*«it 
mT%i5\$&M*7F~fo *m$&<DW)ttmmm&.vaabBMf&fflnffi, (femmms. 

0^1- 1 a.(Dfemm^I d) h©HS^£0 8 (b) t^to 

0 7 (b) ©5£*ifc$B£lHlE& 1 - 1 b tefcs ^-^T>7°2 1^ *g*MitR©3£*n;3 
Its 2i0pMOSh7>^7^4K 4 2^ 2<@©nMOS h^>^X* 

5 i N 5 2 2:t:«kD*fi!G^tb , r^ao ^3 Ko-m^^mm 2 (DWji^mmm 

JEVdd#gy&£ftT^£o pMOSb7>^^4K 4 2 ©V-Xfc&lMt 
«««EEVdd«fcD%ffi«ffiVo#0M&&;i'U nM0Sh7>^5 1 N 5 2 
©V-^ft:ttm^©m«JE-Vs3&*tti|&$nSo ^-^7*>7*2 ®tn;3 1© 
flMB3&*s iittVss, otDOV^Sia^ 2i©nMOS b^>^X 
5 2©^-b»tSo ^CDnM0Sb7>^^5K 5 2i*ffiS 
fcl^lMXx pMOSh7>^^4U 4 2 fc|!51MXhbfct§-£rfcis £*i£> 
©^:h^>^X^lc{*lRl— ' fie©««E* s «Rtia©*??N pMOS h^>^**4 2tefcx 
Id = Vdd/R©i^Id^liJMI.o 07 (b) £^TH]£&©i§-£i\ i*HS&*n 
Mildiis £EIB&2©»ftsS«imjEVddfc*ri/rx it#JSI^i:&So 

07(c) ©^m^^niBS i - 1 c {is ^mss 2 om^numsMn u 
07 (c) ©^mm^iafi&i-i ciis 07 (b) kHtttofcistSRwrea* 

07 (b) t-(it^7>7 2 10AMiiitVss^feofe©fclMU 
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mi (c) T'»-VlCD^«m* s ^^tlTV^^M^^o 13 7 (c) 

T-i±. *^T>721\±, ffiifc3 l©te##A*ffi-Vlfc&a«fc5fcx nMOS 

t^>^X*5 1s 5 2®y-h^JHt5o nMOSb7>^^5U 52 
#|eD1MXs P MOSh7>^4K 4 2tf^X-CfcSi^C^ 

&©^h^>^X^«c:tt^TH-Hii<Z>e«6*s*^©T!s pMOS 

4 2fc*Id = (Vdd+Vl) /ROilild^^tSo 

Ei7 (d) ©£mafc»£is»i-icms 2 «&±©*& 

ffi«Sffi«£x @»iSiid s hiiiS 2 ©iff ill tt i:oli^* s J:M 

(d) IZtfTo 

mi (d) ©j£«ifc$B£[nll2& 1 - 1 d fc*s El 7 (b) ©Bg&fciDfcTx ©tnHBR 
Is R2 (R 1 <R 2 ) &#o2ffl©ffiifc3 2 S 3 3 hs 2flI©X>f Is 
6 2 h^jiJn^ti^o IgKOftf^WiWEttBBtfttWEEISHOW^Jix 3£tft3 2 
j|©^yf-6 1 U £2©»f1Mt*«E«BH;^«ElSH©»^ttN 

3£#u3 3{H0©^-f 2©»**>-r%»#S#A*o fi£oTs 81©»fM 

EtSffl©m^s Id = Vdd/Rl®^Id^ ^2©lb#mE^H©^ 
lis I d = Vdd/R20^fII d##£>*i£o RKR2W?> El 8 

(d) fc^-r#44##£>*i3o 

«±WWbfcH7 (a) ~ (d) fc^bfc£««fc$8£lali&l-l a~l-l d£ 
03®Sl»Wl-l^^#X.5ittJ;^ 02 (a) ~ (d) T-^-T 

*^-v?»s mos b^>^^^©a^iasi««©«^^ , ^i , J^- ^fis 
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2 0%*Ijgfc£S>o<©T% Ml»IJ:^So 
09 (a) RZt (b) fc* s i^tSSJm^I ds(Dmttm&1t&t)'B®ZZ£ 

09 (a) «n &mm<Dmftm&*&%ig.<b'rzzh\z&y), m*inm*mm 
nimhTzfe&m,ft&m&<Dffii&*ipiro mm (a) «± N 07 (b) iua&iwc 

ffi&3 4B:^&}SJfci:&oTV»&o c©qT&S£tfi (MEMO '3 4B\ 

fiiSfea^iisst-acii-ce^ffitftflitfc-rsiiitf-c&So f-pts pmos b 

7>^^4 2*&a*n^tl«Idli N I d = Vdd/aR^^ »Jft3 4 

09 (b) |± N 2lOpM0Sb7>y^4 1s 42' ©fcl^hJfc 

pMOSh7>^^4K 4 2' |«©y— h«W©1MXitB\ 1 : AfcWtft 
^tbT^Ds «ttAttW«ERri6"C**« tots ^— MiW*8ifiqri6«KpMO 
Sh7>^42' fr&ffl:*rr*5£S«HiI dfciu I d = A • Vdd/R£:3fctK 
®K3 l©&in;{fiRg*fc#fc£S>o^-t*K «*A*ME-r*Cli:fc«tDx mnt& 

mmmmi ditx ^-mmmt^n^o z<d*i\s> h&>A*m-rz> 2m©pmo s 
h7>^^4K 42' t^tu femmm<Dtet>-D%*t}\£<?zmmiB\m9 

^fflv^-c^ ^©mos Y?y*j?s$(Dffimn.WiMi d s 
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<B&$fc£Lfc2:#©£iai&2©MOS t*^>s;;**©2&fc-a&f£«|g«EE (Vb 
-Vdd) «M4k N ««E-«JES«ltiltt©Vb-Vd^ttfcSs #«(i £ o # fcr*f 

01 1 (a) (b) {is «it6-«E*«||lttl-3fc*«>feix*Wtt*^-ro 
Elll (a) (i N S«ffiftfBttEIds (n) £[HE&2£fif 
Efc-T3 nMO S h ^ >^^^®SSlfiVb nfci^*I«ffiVd d £©W0l£ 
tfTo n^a.lt, gfcj&bfcsSSfc&lt&s b#WiMjEVt#*s //Cox (W 
/L) #/K XttffiK*W>l*©fm£**U ^bfifuI3^3£:fc(:}-£s b£^ 
HlffVt^ //Cox (W/L) #*s X(i^J&#*©l^©#14£^bs ^ 
c»mifBS;3t:j3{tSs b#HB«EVt#/K ^Cox (W/L) xfckS 
ft#ffi^PK©#t£&jj5b-t^*o m^fiiOibf^«M«ffiVdd^bTi±s &B 
(i5>o^fc*rbs StltVbniis V-~V+©fgm?M^£ft&(:mii&£>& 

eii i (b) ii> @*nt&ftm^i dn^-^tifei^ mm-ms.mmm^ 

l-3ASfnnMOS b 7 > ^ ©Stit V b n h {ii* tiiE V d n h © 
H^bt^Ds #Sli£>o#fc*tbTs Ell 1 (a) *:IW©«rt4#£3l£ 
tlT^tlfcf&^o T&to^s EffjeflUD&fSlWEVd n (Vdn = Vdd) T*(is 

£U:©£i:fr£>s «^-*jEE^mmS&l-3&s 010 (b) (c) IZmt 

010 (a) (is 0 5fcr^bfcS^-mffi^gl@8&l n-3 £H»b"rv>So d 
©010 (a) ©0BS4il?£s o*t)s 011 (a) C^"T#S{i t>-D%l£ttTZ> 
V b n - V d n«M4 & e&fSSItf & 3*lJ$T fcfttf x tttft-ttEE&&lo]& 1 - 3 (is 
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MOS h?>i?X?(Dm\WMftm±s &3T*7rsT&olz, fig (W/L) fcfctt 

sfis **<DSM«^Ids (n) ■e&ofc«-&fc s S^-«EE^m0^ 
ln-3©M0S h7>^7^©^-MLt**©0. 13umfr£>l. 3um 
1 04g£:-r£C:£:fc:<fc*K Ids= (1/10) Ids (n) m%i 
-SiE^lEimi n-3©Vbn-Vdn#^fcr^b(A^<> tt/BqTfllS*efc3o ffl. 
U (W/L) ©tt&oSfcttf fcffittWfctfftfc*©-^ 010 (b) fc^TJ; 
■51Cn 3um/0. 1 3um©^X©nM0S b5>^^7 1~7 4-S 1 0 

«RH4«jfcS£bW HBSfcttx «*E«Fft©3t^*»fe^»flEjt4^na:oT < S&«>n 
El 10 (a) ©S^fttfc^UT^tt^ai^^CS^^So £©»-£•&> iH 

io (c) tc:^-rj;-5fcu ffiift3 s*m\T%>z.t\,z&y), «H4%t5«-*£* 
ifet N pMosh 5 >y^^ffl©aw«(fttt»ia»©«iR-«Ea£SiiaHi©#» 

@tt«t^*iai2 (b) s (c) fc^To ;ti?>^ pMOSh7>^8 
0S#g5»»l/fci*4lftSo £*i£>©Hli3\ gKfcbfcEllO 
(b) N (c) fcH«©ffiaft^-C»S©"Cx --trfix iWMfBStS. 

(0 2 ©^«S©^) 

ufc0i©HJS©^T?i^ ^mteftj^mis i *mix, mm£ t 2iz7jk-rmm 

^r^^t^MO S Y^^VKPvmnmWiMl d s©«e>o^^©^)CD^ N 
MOS h^>^^^©^«WJ^Ifccfct)«]*iJbfeA s s *H«i©^JB^I±x £© 

idsci^ot^ 3Ein^ 2 3 mwmmm& v d d ©«i® c 
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Ell 6&s Buf3a^«JE$iJlllilS& 1 OO^Kj^^J^^To lai 6lc^b 

ix.So But3m^«j£^iHim 1 ot±s femmm&mmi 0-1 ^ m^mms^ 

Hlg&l 0-2 0-3i:^il^So ^sm^HII^l 0-1 

m.-mmmWk®&i o-3(cx*^ti^o cKDmm-«EE^minmi o-3{*s ^« 

^tf&£lI]S§l 0-lfr£©j£maStIds£«EEVdfc^glbTs #Ilffii:tT« 

i 0-2 ttu^t^o mig^E^mss 1 0-2 lutam^-mBE 

^Hjm 10-3iP?> ®#IlEVd £|i?ISM©*jE£{g-< > fc!-^>;*<fb bT 
tt^mMmffiVddi:bTtB^-r§o iiufa«M«JE3S£lH]B& 1 0-2#3S£bfcl& 

^SSl©^T-iis mM«jEM®H]I^l 0^mm2cDaj#*M*EE 
Vdd£MbTs £H]8&2l*|GDMO S ^ >^X*©^fgfn*^£m£@ 
^fnm^fil dst-T^CDT-s ±@S&2|*!CDM0S h^^X^CDg^rn-fe 
X©{££>-o#lcJ;?)M0 S h ^ >i?X#<D&m&. J $>V%^mW,E.V t #fci:£>o^ 
fctK *a^ifr#£bTfcs £®8&2©MOS h^>^^^<DW}{^m.(DU^'D 
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mmmmmm i o femm>m (femmm&mm) ion-i^ nMo s h ^ 
^ntzmmm&m^^i o n-2 tiz&\)Mi&£ti%o mmmM-m&mmm 

8&1 0n-3^tanMOS h^>^X* 1 3n-llt £0E&2 ScH;l£ n 

tufB^*^M 1 0 n- 1 £>CDg^*ne*ffi Ids fc#H^«S5tI d nfcfcs * 
^-«JE^mH!m 1 On-3£J;?)SJEVdnfc^m£*U ^M«S^IU^1 0 
n-2 (4s CCDmflEV d n i:|5jmEElg©mjE£f£^ > tr-^>^<bbtl&#mMm 
jEVddhbT£IIIi&2£#l£-r£o ^©«®*EE»tllB& 1 0 nil m^-«EE 
^J&ES&l 0 n-3#nM0S b^>^X^ 1 3 n- 1 T*^^tb^>©T% £®BS 

0p-3#. £[IIg&2£#;t3pM0S l^^X* (El^f) hl^I— 
■3 P MO S h^>^^^ 1 3 p-l^a^^tl^o ^©#©^{1 El 1 7fc^b 
fe«MmjE^JI?illl^ 1 0 n^l^I— 1#J?re&£©T% IH— gfl#tc|el— (Dn^^n 
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i 1 9 t^bfctiiEWH]fi& i o pt(^ mm.-n&mk®&i 

0np-3#s ^Ii]liS2^ilx^nMOS^rjfpMOS h^>i^X^ (El^l*) 
hlql— iffi^nMOSMpMOSO2l0b7>^^ 1 3 n- U 1 3p 

mmi dnp^ nMO S b 9 >$>**CDB*MBa«ifc I d s nfc^bV^mSft 

idnt pmo s h^>^^^cDH^isinmmi a s pi^bi^s^ti dp 

fcCD^tHtT&tK £©^©B»*Sffil*SMI dst± s tulBnMOSWpM 
OS 1 3 n-K 1 3p-l©ffi@^ISffittIdsm Idsp® 

jft^-e $> s ©t% — sp^fc I!— ©?$-*§ np^ut^ ©s£hj§ & #mrr 

BUI3EI1 7~HI1 9^bfe^lill On- Is 10p-U 10np-lOI*I 

SMftffc&s m%.&* 8t^ufcia7 (b) xtti^ia (c) ©#j$&stfs-«a. £ 

^©rtfiM&JfrCtts El 8 (b) RXT (c) £^bfc3i*K ttl&-r«^«»*I 

d h^nies 2 ©i&#«M«ffiv d d *:©h«&— % z. t&n%% 0 - 

tB\ £®g&2©MOS b^>^^£Db#V^fll«EE©*«f*^tP«ptt«&^§ 
❖fi&SMu Xt±^lllI»2cDlb^«»«EEVddfc:tt#*-rfcx BrJMfcHJSS 
*k £|IIB&2©»rfls»Jfttt— 5Mfcfc£« t^T> tulBMOS 

^4«^o^^^«J^fcMbT^^v^v-i;>ism•A s Rrtih^?>©■r% ism-© 
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<s £®S&2£ :«kD-Ji<£V^^«««ffiVddT?»^-&Si-i:*»T?Ss f£$i 

IC S fiB^miOn-ls lOp-K 1 Onp-l©p«3gpm^{is m%.\£s 
gfcx&b£:ll7 (d) Xltm9 (a) , (b) comWL*. bUmx* % Z o Zin^cDrt 
gisa^iis EI8 (d) fc^bfeM^K £®&2%mi$T%M0S 

co MU$&mmffi.m ids t^mm 2 ©^g-i&fi^- k tc*r/fo-r ^=&kj#«m«je«s 

# #£[IIg& 2 ©»fmMmBi^ffl*g5F^ 3 £ T % £ i: #-e # £ o 
ccom^rtiis ^H1{^2©=§-1!j^^-K#^s /bZtemM'?— ^>©#.£#J5lb 

ig^im^iii^a^i@fns^^J^iLfccD7?s mos ^>^**©b#vvfii» 
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2. m&mimmw^mfommm&ki&^x. 
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5 . atat^ i mffi<D*mfomm®m&&^T. 

MOS h7>^^^lU HufEF«MOS h?>*SX*(D&m.mtiLtefoK 
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"HESS h£ flit £Ts 

io. m&m6mm<D¥m<&mm®miz&^T, 
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1 1. m3mGmm<D¥mfomm®&K&^x, 

mtt®&*mf&t §Mosb7>^x^ (Dm^mmmmou e> o t m& £ 

12. iia«cD*»<Mi«ia»K:*v%Tx 
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p m o s b 5 > * © iffi ^mmsmmm<D^mmr^ & * 

1 5 . *** 1 3 Xtt 1 4««©*3WMI«lHlKfc*^" c - 

z t * J: -r £ *swwiaiiatt« 

1 6 . 11*3 1 3 3tt* 1 4fB«©^^»m^^^^^- 
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FIG. 1 
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FIG. 3 
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FIG. 4 
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FIG. 7 



CM 



-o 

it 
§ 



CM 
LO 



> 



O — A^A- 



co 



lEnfl 



co 



l w 



to 




CM 



> 
O 

(0 

> 



CM 



CO 



CM 
CO 



5 o 



CO 



i— CM 

DC (T 



"D 



2 2 



cm 
10 



CO 
CO 



CM 



LO 




HI 
iH 



CO 

> 



CO 



17^ 



> 

o 

^co 

5 




■SV 



CM 




> 


1 




1 






1 





CO 



tgn fl 
tpr 



I?* 



CM 



I 



> 



CO 



CM 
LO 



m 



ifgnfl 
ttnur 



CO 




CM 



3 r 



CvJ 



o 



WO 2004/077673 



PCT/JP2004/001942 



8/18 



FIG. 8 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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FIG. 14 
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FIG. 16 
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